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The designation of the institute was Vasipari Kutato Intezet (Iron Industry
Regsearch Institute). It was a subordinate agency of the Koho Es Gepipari

Miniszterium (The Minis of Poundries and Machine Industry)|
|[was still subordinated
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to the same agency The institute was located in a modern dbullding,
on the northwest corner Fehervari Ut and Andor Utca, Budapest XI, with the
main entrance to the institute being located at 130 Fehervari Ut.

Phe institute was responsible for various types of advanced research conducted i
under the guidance of the Ministry of Foundries and Machine Industry for the
purpose of satisfying urgent industrial requirements. It was divided in the
following major sections or departments s ? ) Cast Iron Department; (b) Steel
and Steel Alloys Department; (c) Pig Iron and Ores Processing Department;

(&) Powder Metallurgy; (e) Welding Research; (f) Material Testing (Microucopic
and Mechanical Testing); (g) Chemico-analytical Departmeut; and {(h) Administco:
Section. Approximately 12 persons with professional gualifications, among *hel
from five to six fully qualified engineers, composed the nucleus of each depurt

ment. ] ‘ £25X1
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¥

The facility at 130 Fehervari Ut occupied by the institute, was a very modern i
structure completed in 1951. It was a two-story building with additional office
space located in the basement. The building was equipped with zll modern
facilities, such as gas, electricity, running hot and cold water and central
beating system.

Between 200 and 250 personnel were employed by the institute including the
scientific staff. Dr Jozsef Vero, an allegedly internationally known metallurgis
and Professor at the Technological Institute of Miskolc (4806N 204TR), was in
charge of the institute, commmting between two institutions every other day.
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5. Approximately half of the building occupied by the institute was evacuated ’
ghortly before December 1956 for the purpose of accomnodating another research

rganization, which I would possibly jdentify as Aluminum Researc%

'the new organization was equipped with instruments required
for spectral analysis and microphotography as applicable to mineral technology.
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6. Each candidate for a Ph D degree or membership in the Hungarian Academy of
Science had a choice Fumgu_agei(w@m; Russian, and English)
_4n writing his thesis ] 25X
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(a) Photostatic copy of scieptific paper "Surface Pattern of
Spherical Shell Graphite', eight pages. Unclassified.
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(b) Photostatic copy of scientific paper "On the Crystallization
of Graphite in Cast Irons”, 31 pages. UnclaasifiedJ
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SURFACE PATTERN OF SPHERICAL SHELL GRAPHITE

I. KARSAY

CANDIDATF. OF ENG. sC.
INDUSTRIAL IRON AND STEEL RESEARCH INSTITUTE, BUDAPEST

[Received 21st November 1955]

In a former paper [Ontdde (Foundry), No. 8—9, 1955, pp. 169.
and 205., in Hungarian] the author gave account of his observation that under

Surface pattern of spherical shell graphite 5530x.

ey,

certain circumstances graphite crystallizes in cast iron in hollow, spherical shell
structure. A characteristic pattern is visible on the surface of this spherical

L d

shell graphite. )
Latest investigations have found that the pattern consiste of concentric

circles (see Fig.).
By reason of the same investigations it is probable, though not proven,
that the pattern is not correlated with the crystallization of graphite, but with

15¢
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482 : I KARSAY

that of austenite, That is to say, after removal of the graphite shell the lines
appear on the irem surface too ; the graphits shell is only modeled in full thickners
according to the wrinkles of the iron ace.

It has to be peinted out that the afore-mentioned pattern has so far been

recognisable only om spherical shells dpveloped in magnesium-treated cast
irons ; the urfloe of spherical shells of ‘ther kinds of iron is smooth. i

\

CTPYKTYPA NMOBEPXHOCTH MNOJIOrO COEPOHJlAﬂbHOFO_ FPA®HUTA
Kanp. Texn. nayx U. KAPUWAH

. KOBAHMOR ABTOPOM paHee craThe [Ontue(ﬂuwnuoe npou3soacrTro) 1959,
’ H 5, 09, coors. 203, Ha BeHT. R3.] YKA3AHO, YTO NPH ONPEAETEHHBLIX YCIOBHAX B YyTyHe
lcpummnm 'ﬂcn noasi WAPOBHANLIH rpaguT. Ha nNOBEPXHOCTH ITONO WAPOHKIMOrO
rpadura A0ASETCA XapaKTepHanR CTPYKTypa. \
TochremmMmn  NCCNCRAOBAHMAMM-. YCTAHOBICHO, WYTO CTPYKTYPA HNPEACTARIRET COOGK' Kun-
uem'plnme Kpyru (cm. pmc.). - .
OCHOBE ITHX K€ MCCNCAORAHMA BEPOATHO, - XOTH CLIE HE N0KA3AHO,  YTO HAL.1K-
Mlmucu CTPYKTYPA CBR3IAHA HE C KPHCTAUHM3AUMCHR IpaduTa, 2 ¢ KpHCTAn IM3AUHEH aycie-
HNTA. CTPYXTYDNME THHMM NIOCHE YAANCHHA TPAPUTOBOH 060N0uKH HABIIOAAWTCA TAKKE Ha
NOSEPXHOCTH METANNA, PPAPHTOBAR e 000104KA BO BCCH CBOEH TOoNMLE NHIIL NOBTOPRLT CTPYK-
fypnyn $OpMy HA NOBEPXHOCTH AYCTEHHTA.
B Aononmemme K 3TOMy CCAyeT eie YKA3ATh, HTO YNOMAHYTYIO Bhilue crpywryp) a0
CEro SPeMENN YAAIOCH MOKASATE TONMKO HA WAPOBMX 060104KaX, O6PAIOBABIWKXCA B YYTYHE,
OM MATMNEM, TIOBEPXMOCTS WKE oGanowex IWAPOBHAHOTO TpaguTa ApPYrux copros
YYIyHA TAARKIA.

DESSIN DE LA SURFACE DU GRAPHITE EN COQUE SPHERIQUE

.

J. KARSAY
Candidat 3s sob 2 techal

N '

Dans une étude antérioure [Ontsde (»Fonderies), No.8,9,1955,pp. 169 et 205 en hongruis. |
l-u-l rendu eollpu de l'sbeervation que dans certaines conditions le graphite se cristallise

dans la mzﬁ""“ vides A l'intérieur.

Laes recherches los réeentes ont démontré que le dessin de cette structure consiste en .
des cercles m‘gm (v.

Al des mémes il est probnble. bien qu'il ne soit pas prouvé, que ce dessin
et on eorréh pu avee la eristallisation du gnplme. mais avec celle de 'austénite. Fn
eoffet les “Cl'“ Ia surface du fer aussi, aprds I'élimination du graphite. La coque de
graphite se mod lﬂl‘-ﬂt los “ides de la surface de fer en toute som épaiseeur.

11 faut noter oo desaix n'a é1é constaté jusqu'ici que sur les coques sphériques

dhdo"‘udm

fouu cnlu. par P'addition de magnésium, tandis que la surface des
coques sphériques de graphite des

tres espdces de fonte est lisse.
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DAS OBERFLACHENMUSTER DES KUGELSCHALENFORMIGEN GRAPHITS

L KARSAY
Kandidat dor techaischen Wissenschal

Der Verfasser hat in einer fritheren Arbeit (sOntide« [Giesserei] 1955, Nr. 8,5. 169 und
Nr. 9, S. 205, nur ungarisch) dariiber berichtet, dass im Gusseisen unter gewissen Umstinden
ein innen hohler, kugelschalenférmiger Graphit kristallisiert. Auf der Oberfliche dieses Kugel-
graphits ist ein charakteristisches Muster zu beobachten.

Die neuesten Untersuchungen haben ergeben, dass dieses Muster aus konsentrischen
Ringen besteht (vgl. Abb.).

Auf Grund derselben Untersuchungen erscheint es als wahracheinlich — wenngleich
noch nicht als erwiesen —, dass das Muster nicht mit der Kristallisation dex Graphits, sondern
mit der des Austenits susammenhiingt. Die Linien sind niémlich such nach der Entfernung der
Graphitschale auf der Eisenoberfliche zu sehen, die Graphitschale folgt also in ihrer ganzen
Dicke der Faltung der Eisenoberfliche.

Es ist su bemerken, dass es bisher nur an Kugelschalen, die sich in dem mit Magnesium
behandelten Eisen gebildet haben, gelungen ist, das erwiihnte Oberflichenmuster nachzuweisen,
wihrend die Oberfliche der Graphitkugelschalen anderer Fisensorten glatt ist.
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ON THE CRYSTALLIZATION OF GRAPHITE
IN CAST IRONS*

I. KARSAY
CAND. TECHN. SC.

HUNCGARIAN RESEARCH INSTITUTE OF THE IRON AND STEEL INDUSTRY
[Manuseript received 27th July, 1955]

- oY

I 1. Introduction

. The problem of the crystallisation of graphite in grey cast irons is a very
' much discussed one, and in the past 50 years scientific papers, related with this
theme, have appeared in an incessantly increasing number. There is perhaps
no other question in the field of metallography, where so many contradictory
views are still conflicting each other. It is, however, hardly conceivable to have
a troublefree commercial production or to be able to control securely the
various factors, which affect the same, without the clearing up of the theoretical
aspects of the crystallisation of graphite. Just this shows the practical signi-
ficance of the outlined problem.
Great efforts have already been produced to give a comprehensive ex-
, '~ planation, made during the experiments or in the practice and related with
’ this question. The various explanations are, however, generally in contradiction,
not only to each other, but to some observed phenomena too. There are also
‘'sume observations, for instance some of the author’s as well, for which there
lacks any explanation.
" It is therefore principially just and scientifically permissible to evolve
a new hypothesis. This is set down in the last section of this paper and is based
partly on observations, made during the experiments conducted by the author,
but mostly on theoretical and practical experiences gathered in the past. The
said hypothesis explains principally all the observations made by any investi-
gator. It is nevertheless not absolutely — especially in all details — accurate.

2. The review of the literature

As already mentioned in the Introduction, several explanations and by numerous authors
were developed for the crystallisation of graphite in cast irons. Even a short summary of their
work would make this paper out of proportions, and the author wishes to undertake only a eri-
tical review of 3 main problems, which are especially important in view of the following inter-
pretations. Even this review could be made only a limited one.

Mot 3

* Abridged version of the author’s thesis, submitted in partial fulfilment of the require-
ments for the degree of Candidate of Technical Sciences at the Hungarian Academy of
Sciences. -

.-
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2.1 The problem of the shape of the graphite flakes

There are very few notes, dealing with this question. The greatest part of the authors
take it for granted that the solidification of the molten cast iron leads to flake-graphite.

Essentially there exists only a single explanation for the formation of graphite flakes.
According to this, the crystallization has preferred directions in wich to propagate at very high
rates, and this is made possible by the structure of the crystal lattice of the graphite — this
difference in the crystallization rate leads then to the flaky shape.

This explanation is however far from being satisfactory. It is nevertheless a fact, that
the formation of a new unit cell in the direction of the axis of the lattice makes necessary the
arrangement of 6 carbon-atoms, whereas for the formation of a new unit cell in the direction
of the basal plane we need to have only 4, 3 or 2 and in some cases only a single carbon-atom.
The probability for a growth in the direction of the basal plane is therefore 6—1 1/2 times as
great as in the direction perpendicular to that,and in reality is still much greater, because 2 or
3 atoms may be arranged much easier than 6.

We come to the same conclusion, if we are examining the question of the binding forces.
The consecutive basal planes are bound only by very weak forces to each other. The formation
of an entirely new basal plane makes therefore necessary the corresponding positioning and
grouping of much more atoms, than the further growth of an already existing basal plane. In
the last case we have a probability of about 509, for a “‘superficial equilibrium™ of the new
atom. (On two of the neighbouring corners there are already located carbon atoms.) Even if it
is not so, each atom arriving in the basal plane is bound by covalent forces, which are in anv
case much greater, than the bonding forces perpendicular to that plane, the so-called VAN DER
WaALs forces|1].

It is therefore quite obvious, that the dimensions of the baxal planes of the graphite
particles are always greater tharn those perpendicular to that plane. This is, however, far from
giving a satisfactory explanation for the formation of flake-graphite.

Should the ratio of the various dimensions really be governed hy the laws of statisties,
then there lacks an explanation for the great fluctuation of the same ratio. The ratio of the
length to the thickness of the graphite flakes varies usually between 3: 1 and 200 : 1. 1t is very
curious that the greatest flakes are generally the thinnest ones. There also lacks any explana-
tion as to why there are encountered so few graphite flakes with polygonal circumference ; if
the formation of the same would really be governed by the laws of crystallization, one should
expect to find a hexagonal shape of the graphite.

The above explanation is especially insufficient in view of the fact, that the graphite
flake is not a monocrystal, but a grouping of crystallites.

PrwOwWARSKY and WITTMOSER [2] made X-ray examinations and have shown the linear
dimensions of the crystallites of the graphite of cast irons being of the order of 10 7 em. Sup-
posing the shape of the crystallites to be cubical, a graphite plate with a diameter of 100 5
and a thickness of 5 st would be made up by a number N of crystallites

a
4 (10 D1 5.0
- 3.9 . 101,
(1o 7y
In reality, it is very probable that the crystallites are alvo lamellar and .V is therefore more
probably somewhat less.

Accepting as a fact — which is hardly disputable - that the hypereutectic graphite
crystallizes directly from the melt, it is quite unintelligible, why the crystal nuclei are not
randomly distributed in the melt, but are highly concentrated in relatively small - and periodic-
ally repeated — volumes and are later grouped into homogeneous graphite flakes, 11 in still
stranger, why these plates, growing out from a great mass of erystal nuclei, are perfecthy paralicl
to each other. It is notably a fact, that the cryvatallites of a graphite plate are in an arranged
state because their (0001) indexed planes are always paraliel to the basal plane of the graphne
plate. The proof of the same can be attained very easily by magnetic measurements.

The enumerated facts cannot be omitted when considering the problem of the shape
of the graphite flake.

2.2 The problem of the spheroidal shape

In contrary to the aforementioned problem, the literature related with the “sphervidiz-
ing” problem is very abundant. The most common explanation relates the spheroidal <hape
with some **unkind'’ nuclei. A hexagonal (kind or unkind) nucleus grows into a flake, whereas
a cubic nucleus leads to sphernidal graphite [3]. Although there remained but a few adherent.
to this view, it is worth while to d eal shortly with this question,
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ON THE CRYSTALLIZATION OF GRAPHITE IN CAST IRONS 101

Modern metallography highly appreciates the crystal nuclei or — what is almost the
same — some “‘approximately arranged atomic grouln'n‘-" within the melt. The dimensions of
the primary grains depend mostly on the amount of the said nuclei. It is aleo comceivable that the
lack of these nuclei is suppressing the crystallization of some phases. (Nuclear bvpothesis of
the Fe-C diagram-twins.) According to our knowledge, however, we camnot give a satisfactory
explanation as to how some nuclei, which represent the outset of the crvstallisation, could be
made responsible for the alteration of the shape of & grain in such a way as it happens in the
case of spheroidal graphite. The nuclei may indicate as to where the first crystallites are likely
to be formed in the mekt, and the ingreasing amount of nuclei may lead 10 the deerease of the
dimensions of the grain, but they cag hardly be made responsible for the alteration of the flaky
form into a spheroidal one. It is therefore quite out of place to speak of some nuclei which *“favour
the formation of spheroidal graphije.

A very interesting opinion fs that of GILLEMOT [4], according to which ferrosilicon .
used for secondary inoculation, in some parts of the melt being spheroidal, saturated
with silicon and of hypereutectic cdncentration, in the centre of which places the graphite may
segregate in the form of small spheres. Making some caleulations o the alteration of the coa-
centration-gradient as a fanction of time, ye find a surprising conformity between the dimensions
of these small spheres of hypereutectic chncentration and those of the graphite spheres. There
is no doubt, however, that spheroidal sraphite can be made to crystallise out from a pseudo-
homogencous material [5], without any inoculation with FeSi and this fact could hardly be
explained with the help of the said hypothesis.

Graphite formed indirectly has always the shape of a sphere or of a spheroid, according
to the opinion of GIRSHOVITCH [6]. The form of the graphite is controlled, according to him, in
this case not by the crystallization, but by the conditions for the diffusion of carbon and a dif-
fusion around a nucleus is alwiys spherically symmetrical. The weak point of this reasoning
lies in the fact, that tempering at high temperatures may lead to flake graphite too [2, 7). If
we accept, as Girshovitch claims, that the alloy is at this high temperature in a quasi-liquid state,
then it must be much more lignid in the temperature range of eutectic solidification or at a tem-
perature just below the eutectic temperature, even after a treatm:nt with Mg.

There is another opinfon, according to which the interdendritic residual melt gets highly
saturated in carbon and this should be made responsible for the formation of sphereidal gra-
phite [9]. This view neglects, however, to amswer just the mest important question as to why
sho this be responsible for the same.

A very imposing and now favoured explanation is based on the great sarface tension of
the melt which nmld force the graphite to take the form of a s . The formation of
spheroidal graphite was compared by THALL and CHALMERS [10] with the modification of the
A)-Si alloys by sodium. It is out of question that the treatment of the iron melt with Mg causes
an increase of about 509, in the surface tension of the same [11]. But it is also out of question,
that spheroidal and flake graphite may be produced within the same material and at the same
time. Variation of the cooling rate may result in a part of the sample having graphite in the
form of spheroids, while the other part of the same sample may have graphite in the form of
flakes (see Fig. 2). The surface tension of a melt is everywhere the seme, because it is quite
independent of the cooling rate. It may be concluded therefore that the surface tension may
exercise only a secondary effect on the shape of the graphite.

Mg forms an adsorbing envelope around the graphite, according to Btrryen, Tavton
and WULFY [12], and this prevents the obevance to the laws of crystallisation. On the other
hand, CORRAL [13] explains the formation of the spheres with the cleaning action of Mg on the
boundary of the different phases. Neither idea is based on experimental obeervations, but on
close examination we may find that both attribute the spheroidal shape of the graphite to the
increase of surface energy. This explanation is, however, as already discussed, not a sufficient one.

More and more investigators are imagining the crystallization of the graphite as a process,
which takes place from a supersaturated solid solution. The investigations of W ITT™MosxR [14]
gave a real proof of the fact, that the sphernidal graphite is formed always in the primary
dendrites of austenite. This fact gives, however, no explanation as to why it takes the form of
spheres.

P The most up-to-date conception of crystallizsation of the graphite out of & supersaturated
elid solution is the hypothesis of BuNin. His fundamental idea [15] is that the formation of
graphite first of all requires some vacant place. Crystallisation of the graphite can take place
only in those places, which are made free for it by the iron atoms. Thus — according to Bunin
the controlling factor of the crystallisation of graphite is the self-diffusion of the iron atom..

This fundamental idea wan further developed by two new papers. The firet of them 1o
that of Licutyan [16]. He proves by his experiments that the decomposition of cementite ie o
very rapid process, if porous products of powder metallurgy are being annealed. Thie “ultra-

Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8



Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8

J02 1. KARSAY

rapid” decomposition of the cementite was explained by Lichtman on the basis of the hypothesis
of Bunin. Lichtman supposes that the graphite finds already some ready made cavities in this
porous material and thus there is no need for the self-diffusion of the iron-atoms. That is the
reason  why this process is so rapid.

Last of all a new paper of BUNIN [17] gives a very interesting proof for the pronounced
~ffect the cavities exert on the crystallization of graphite. He succeeded to produce white iron
consisting entirely of ledeburite and always being porous, though not to a great extent. Thix
iron he annealed for a long time at a high temperature in order to secure the decomposition of
the cementite. He observed already after the first 24 hours, that the nascent carbon atoms
were penetrating into the cavities and formed there graphite. These cavities became filled up
~ntirely by graphite. The continuation of these experiments is especially interesting. He con-
tinued the annealing after the filling up of the cavities, at the same temperature (1100 €' ) and for
72 more hours and found no further graphitisation. This illustrates that after the filling up of
the cavities there is no further decomposition of cementite ; the same is very stable.

Not even Bunin's reasoning is quite convincing from the viewpoint of the formation
of the spheroidal graphite. He brings the support of the sphere-forming action of the formation
of cavities by self-diffusin in one of his papers [18], making the observation that the shape of
a section of a spheriodal graphite is always a polygonal one. (Should the cavities be formed by
«elf-diffusion, the surface of the same would be made up by planes. This follows from the crystal
structure.) In reality the section is generally a circular one, even when examined at great magni-
fications, and there are, if any, only a few corners in a section of a spheroidal graphite. Thix can
be proved by photomicrographs, taken from the inner structure of a spheroidal graphite (see
Fig. 17).

When summing up these explanations of the crystallization of spheroidal graphite, we
come to the same conclusion as in the case of flake graphite. There is no univocal explanation
of the laws, governing the crystallization and formation of spheroidal graphite, which should
comprise all the observed facts without any contradiction.

2.3 The effect of the cooling rate

One of the first observations related with the metallography of cast irons was the fact
that the cooling rate exerts a very great effect on crystallization.

Castings with very different properties can be made fron: the same material. only by vary-
ing the cooling rate. It was therefore only a natural stride to clear up quantitatively the effect
of the cooling rate. This led to the different “‘diagrams™ of cast irons, which take into consider-
ation the effect of cooling rate.

The most commonly used diagram of this kind was that of F. GrEINERand Ti. KLiNces-
~rEIN, determined in 1926, According to this, a material with a given chemical composition
has a structure of ferrite 4- graphite — when produced by slow cooling — | later pearlite - gra-
phite, then mottled and at last — when produced by rapid cooling —- fully ledeburitic.

These diagrams have not been able to reproduce truly all the different kinds of structures,
which are made possible alone by the variation of the cooling rate.

The inverse chill of the castings was for instance a well-known phenomenon, even at the
time of World War 1. This phenomenon could not be explained by any of these diagrams.

The supposition, that the effect of the cooling rate cannot be described in such an eaxy
way, as in the case of these diagrams, was supported already in 1929, by an observation made
by Hevke and MAY [19]. They observed that at the point of the wedge-shaped samples, cast for
the determination of the effect of the cooling rate there was in some cases some ferrite. Thix
fact could hardly be explained by any conception based on the effect of the cooling rate and
was called therefore “*ferrite Type I'" as against “ferrite Type II'", which was formed on slow
cooling of the sample. Thia distinction was not a lucky one, because it is out of question that
they are both the same «lid solution of iron and carbon. The difference lies only in the circum-
«tances of their formation.

In the next two decades following this observation there were discovered many pheno-
mena which are further interfering with the  once very simple — conception, related with the
effect of the cooling rate.

Mecanwhile it was established scientifically, that alloys produced with the same chemical
compaosition but melted in different plants show different behaviour. The difference appears
mainly in the inclination to be ‘ome white. Different measurements were given in proof that
iron, melted in reverberatory, electric or crucible furnaces shows a greater inclination to become
white, than cupola-melted iron.

From this view even the quality of the burden is not indifferent — even in the case when
the materials used are of the same composition. These “inherent’ properties are too often over-
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lapping the effect of the cooling rate and great caution is needed when using the diagrams of
Greiner and Klingenstein.

Among other disturbing factors should be mentioned the effect of superheating and of
modification and the very important differences in the shape of the graphite.

‘Fhere are made every year some attempts to improve these diagrams. The most up-te-
date ones [21, 22, 23] take into consideration many more factors than the diagram of GrREINER
and KLINGENSTEIN. They are nevertheless only of informatory character, such as is the diagram
of Greiner and Klingenstein. For practical uses it is to be preferred to use the latter one, because
it is handier and therefore more valuable.

3. The author’s own experiments
3.1 The production of nodular cast iron sitheut the application of any treatment

The possibility of the formation of spheroidal graphite in caxt irons ix
a long-known fact. At first it was observed very seldom and only at the end
of the last thirties succeeded ADEY [23] 10 produce intentionally nodular cast

300
$100

-1

R |
A

135
200

Fig. 1. Mould used for the casting of conical samples. 1 : Dried sand moukd. 2: Dry sand Ne. &

250

iron. His method needed no treatment with either Mg or the hke. (The action
of these additions and their effect on the shape of the graphite was discovered
only about a decade later.)

For this purpose we need to have — according to the patent application
of Adey — an alloy of eutectic or hypercutectic composition. free from slag-
inclusions and alloyed with silicon in an amount of at least 1°,. He considered
it an Wrtal strongly superheated and to contain ne
more than 0,008, sulphur. Even on fulfilment of all these conditions he sue-
ceeded to produce castings with spheroidal graphite only in that case. when
the cooling was rapid.

The author carried out experiments in orler to shed light on the problem,
whether all the criteria — as laid down by Adey - must be taken into cone
«ideration.
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The samples were melted in a furnace of the Tammann system, composed
of the following materials : soft iron powder (0,49, Mn, 0,0719% S, 0,0129%, P.
0,16%, Cu and no Ni, Cr or V), flake graphite (with ash-content 4,5%) and ferro-
silicon (94,89, Si). The crucible was made by turning on the lathe electrode
graphite. The temperature was measured by a Pt-PtRh thermocouple which

Fig. 2. The varistion of the shape of the graphite with increasing cooling rate (the rate increases
from top to bottom). U netched <ample. Magn. 0.

contacted the bottom of the crucible and was controlled by an optical pyro-

meter.

The alloys with different chemical compositions were melted at a temper.-
ture of 1300 - 20 °C and after a period of holding them at the same temperature,
were cast into dry conical sand moulds (Fig. 1). The composition of the moulding
sand was the following : 89°, washed and dressed, filtered sand, with fineness
No. 6 (system DIN); 6°, refractory lime: 4°, water: 17, pectine.
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The point of the conical samples — which cooled dewn at the higlfeat
rate — generally had a structure with spheroidal graphite (Fig. 2). The chemieal
composition of the cast samples varied between the following limits : 3,13 1o
4,129, C, 0,41 v0 4,26%Si, 0,30 to 0,32% Mn, 0,23 to 0,30% P, 0,06 to 0,07, S.

Cenclusions :

1. It is possible to produce an untreated and yet nodular cast iron even

in the case when the material did not surpass in the molten state the temperature
limit of 1300 °C.

N ‘
[

ig. 3. G ite in the form of spherical shells, crystallired into gas-cevities. Extracted from
Fig. 3. Graphi castings by solution in hydrochloric acid. Magn. x 20.

2. It is possible to produce an untreated and yet nodular cast iron even
in the case when its sulphur-content is higher than 0,008°, — the limit, ret
by Adey. . . -

3. It is not necessary to have a silicon-content in excess of 19;. in order
to produce spheroidal graphite.

4. The cooling rate outweighs all else factors in view of the appearance
of spheroidal graphite.

3.2 The preduction of cast iron with graphite of spherical shell form

When examining the fractures of the samples, the author found, nﬁ‘n
thorough preparation of the samples of the Mg-treated cast irons, some gr:plmr
in the form of spherical shells, eapecially at the edge of the ~amples (Fig. 3).

The author suceeded later to produce such graphite in the shape of spherical
shells by two other methods :
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a) Cast iron, heated slightly above its liquidus temperature was put
suddenly under high vacuum ; on this occasion some particles were thrown
out from the surface of the melt, at very high speed (at least 1 m/sec) (Fig. 4) .

When dissolving these particles in hydrochloric acid, the residue contained
graphite in the form of spherical shells (Fig. 5).

Fig. 5. Spherical shells of graphite inside the globules of iron xhown in Fig. 4. (The shells are

partly covered by a skeleton of silica, formed during dissolution in hydrochloric acid.) Magn. - 7.

The specific gravity of these small particles with diameters less than
0,5—1,0 mm — was about 1,013 g cem. This ix considerably less than the specific
gravity of graphite and this gives another proof for the particlex being hollow.

b) Molten hypereutectic caxt iron was held under vacuum for a consider-
able time (about 10 hours) in a graphite crucible and then made to ~olidify
in the same. The surface of the samples contains many graphite particles in
the form of spherical <hells (Fig. 6).
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Conclusions :

1. The graphite crvstallized on the inside of gas-carities ; in the first two
cases this is definitelv so and in the third case most probably.
2. The graphite mav crystallize on the inside of gas-cavities.

Fig. 6. Spherical shells of graphite at the surface of a cast bar of hypereutectic composition
and molten in vacuum

Fig.7. Vertical section of a casting with inver<e chill. Etched in 107, HNOLinaleohol. Original size

3.3 The production of castings with inverse chill

Some melts have been made in the Tammann furnace and cooled down
in the same crucible, at a cooling rate of about 20 C'min. The crucible used in
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this experiments was made of sillimanit, containing some 609, AlLO,; 38% SiO,
1% Fe,0, and 1% (CaO + FeO).

The castings showed in each cas: a more or less pronounced inverse chill.
The section through such a sample is shown on Fig. 7.

Conclusion :

The described method results in each case in the production of castings
with inverse chill. This allows for a more thorough examination of the question.

3.4 The noise effect during solidification

During melting experiments mentioned above a characteristic noise
could be systematically heard at the beginning of solidification. The sound level
of the same is very low ; it could be heard only in a quiet room.

Conclusion :

The noise cannot be produced directly by the solidification process, and
it must therefore be supposed, that during the crystallization of cast iron there
occur — at least in some cases — other physical processes tos, which may lead
to this sound effect.

3.5 The effect of the cooling rate

When summing up the literature related with the problem of the effect
of the cooling rate, there were mentioned some important factors, omitted
in the diagrams of Greine rand Klingenstein. A« it is well known, these diagrams~
furnish some information relating to the solidification of cast iron, melted in
cupola.

The author tried to show, whether the melting in a crucible was shifting
the position of the lines of the same diagram. Conical samples were cast in the
already described manner. The temperature of melting and of casting was
1300 4-20 °C. The material was held in molten condition for about 30 minutes.
Besides of the conical samples, cylindrical samples were cast too, into permanent
moulds.

The hardness was measured along the axis of the cones, employing a
Vickers diamond pyramid indenter, a load of 10 kg. The time for applying the
load was 30 seconds. Besides of the measurement of the hardness, the atructure
of the samples wans determined too, in the plane of the axial section. In the case
of the cylindrical samples, only the structure was determined in the section
perpendicular to the axis of the sample.
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The samples had the following chemical composition :

Test No. % C % Si % Mn % P ns
Ly oo 4,12 0,41 0,32 0,028 o070
Ll . 4,08 1,38 0,32 0,03, 0,065
Ll .o 3,63 1,55 0,33 0,023 0,006
Ll ..o 3,32 3,91 0,32 0,028 0,060
Ll oo 3,13 4,26 0,30 0,026 0,060

Chips were cut for the determination of the chemical composition by drilling
radially at 3 points of the cone, at different heights.

Fig. 8. The structure of the conical samples L1, to L1, in the plane of the axial section. Legend :
1 ledeburite + spheroidal graphite ; 2 ledeburite : 3 pearlite . graphite : # ledeburite - pear-
lite + graphite : 5 ledeburite -+ spheroidal graphite : 6 ledeburite . pearlite - graphite:
7 pearlitc + ferrite + graphite ; 8 pearlite . graphite ;  ledeburite : 10 ledeburite - pearlite
— graphite ; 11 pearlite - ferrite -+ graphite : [2 pearlite . graphite : 13 ledeburite - fer.
rite + spheroidal graphite : 14 ferrite . graphite ; 15 pearlite . graphite : 16 ferrite . gra-
phite ; I7 ledeburite - ferrite - spheroidal graphite : 12 ferrite . graphite : 19 pearlite - gra-
phite ; 20 ferrite — graphite ; 21 ferrite : graphite 1 22 pearlite layer on the surfuce of the
conical sample

The results of the investigation of micrortructure are shown on Fig. 8.
The microstructure of the cylindrical sample, caxt from the material

Ll, is shown on Fig. 9.
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Conclusions :

1. The results of these experiments do not make possible to consiruct
a diagram like the one made by Greiner and Klingenstein.

2. The appearance of ferrite is not a direct function of the cooling rate.
This is especially true for the case of the conical sample cast from the material
Ll,. That part of the sample which cooled most rapidly, had a structure of
ledeburite - ferrite + graphite, while going further along the axis of the sample
toward that part, which cooled more slowly, there follows without any transition
ferrite + graphite. Pearlite appeared only thereafter. The variation of the
structure along the radius of the sample is even more interesting. The edge
of the sample — in a thickness of about 50—100 x4 — is pearlitic. Immediately
after this, we find a ferritic layer — of about 1 mm thickness — which is super-

(A)
"9
©

Fig. 9. The structure of the cylindrical sample L1; in the plane perpendicular to its axis. Legend :
A ledeburite + spheroidal graphite ; B pearlite — ferrite - graphite : C ledeburite + pear-
lite + graphite

seded by pearlite + graphite. Finally in the neighbourbood of the axis, which
portion cooled most slowly, there appears again the ferritic structure (Fig. 8).

3. The apparition of cementite is not a direct function of the cooling rate.
This is especially true in the case of the structure of the cylindrical sample.
cast from material Ll,. The outer part of the rod. which cooled most rapidly.
was ledeburitic, but the zone around the axis, which cooled most slowly, had
a white structure too (Fig. 8).

4. The diagram made by GREINER and KLINGENSTEIN can be regarded
only as a simple tool, giving general information, which ix valid only under
certain conditions. It does not refer to every part of the casting, for instance
to the outest case, but only to the structure of the bulk of the casting. It doex
not represent either truly the variation of the atructure of cast iron, cooled
very rapidly.

5. It follows from all that has been said, that the cooling rate has only
an indirect effect on the crystallization of cast iron.
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5.0 More detailed studs of the shape and structure of the graphite Slakes

This question s discus~ed unly very briefly in the related literature.
The <hape of the flakes was studied by several investigations of F. Roul [24].
P.scnvewerster (23] and 3T MACKENZIE [26), but these investigations refer
onby 1o “eutectic lakes” and the applied experimemnl methods do not provide
for & high aceuracy of the resalis,

A\~ 10 the question of the flakes, it is well known, that each flake consists
of many «rvtallites and that the basal planes of the same are parallel to the
ba-al tave of the flake.

Fae 100 Ny pereutecte flake graphite. Fatracted from the castings by ~olution in hydrochlorie
acid. Magn, - 30,

For the purposes of the~e investigations the graphite flakes were generally
extracted trom the matrin and put under the binocular microscope. F.xtraction
was made with h . drochlorie acid. The silica skeleton, which forms on this
werasion, can be separated very easily from the graphite and was therefore
removed by mechanical means.

The ~hape of the hy pereutectic graphite flake~"" can be seen on Fig. 10.
The flakes are in this caze like circular plates.

The extracted hypereutectic graphite flakes can be split very easily into
two |-.|r;|ll.-| plates. At first sight, thi~ phenomenon could be ¢~xp|uim-d by the
easy <hp of the graphite in the direction purallc-l to its basal plane. [.ater it was
proved. that the easy splitting mus=t hav e another cause, because further xplitting
could not be ‘.Il'l‘l)llllbli\h('{l without the total demolishing of the flake.

W hen examining the possibilities for splitting the hypereutectic flakes.
the ~tructure of the sections of the ~ame was «tudied too. It could be shown,
that in a properly prepared wretion of a flake there is alwayvs a partition (Fig. 11).

Thi~ partition line can be shown even in the case of eutectic flakes.
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Conclusions :

1. The shape of the extracted hypereutectic graphite flakes is generally
a circular plate or the like.

3. The extracted hypereutectic graphite flakes consist gemerally of two
parallel plates which can be separated very easily. The line parting these two
plates is discernible already at a magnification of about 500, provided the
metallographic specimen is prepared with great care.

Fig. 11. The partition line in the center of a hypereutectic flake graphite. Unetched sample.
Magn. x 300,

3. Based on the material already discussed it may be mentioned again, that
besides of the 3 already known shapes of the graphite ( flake, quasi-flake or compacted
and sphere) there exists also a fourth one, that of a spherical shell.

3.7 The study of the structure of the surface of graphite of spherical shell form

As the first step only graphite extracted from cast iron, treated with Mg
was studied.

The extraction was made by the same method as described in 3.6. The
investigation was made with the help of a binocular microscope, while the
photomacrograph was made with the help of a collapsible photographic apparatus.

The photo-macrograph is to be seen on Fig. 12. The surface is full of
wrinkles.

Cenclusion :

On the surface of graphite extracted from cast iron, treated with Mg,
runs a characteristic circular or spiral pattern.
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3.8 Experimenis 1o show the effect of degassing

The greatest part of the experiments herein described (more than 30
melts) was conducted in order to clear up the effect of the removal of gases.
Melting was done in o Tammann furnace, in sillimanite crucibles. The
removal of the gares was tried by suction. This was done with the help of a

rotary vump of 1.5 HP, made by Balzers’. The pressure was measured with
h divisions of one mm. By this way

4 mercury manometer, having a scale wit
or estimated.

A variation in the pressure of about 0.5 mm could be detected,

Fig. 12. The pattern on the surface of a graphite in the form of spherical shell, taken
from a casting, treated with Mg. Magn. - 12,

The removal of oxygen could not be accomplished in the desired measure

with the help of the given apparatus. The attained vacuum was never greater

than 10 * atm.
The samples melted
AFA-ASTM Type D.
Bused upon the material discussed
that degassing exerts some effect on 1
reasonable to continue the experiments for the removal of gases, .-uppmed
that a more perfect method could be found for thix purpose.

plishment of the task set was not possible.

under vacuum had a graphite, corresponding to

up to now, it is already out of question,

he crystallization. It seems therefore

The accom

3.9 Experiments to study the effect of some gases

tried to clear up the effect of some gases. The
puritied. conducting the same through
l. pmus.\ium-h_\'drnxido-,

Several experiments were
wases introduced into the furnace were

held at a temperature of bO0 C. silica-ge

copper-turnings.
Bubbling through the melt was

|-ho~phuriv anhvdride and yellow pho~phoru~.

N vta lechomea NV
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uccomplished with the help of a sillimanite tube, the end of which reached to
the bottom of the melt.

Neither of these experiments can be regurded ax reliable, chiefly because
the mtroduction of the said gaser was not preceded by a sufficient removaul
of the othe gases (vee Section 3.8). The contradictions with respect to this
question which are to be met in the literature can be traced back to this point.

There in however a single experiment which should be mentioned. The
fracture of u metal, through which hydrogen was bubbled for over 10 minutes
and the chemical compaosition of which was : 4,200, (, 0,219, Si, 0,39°, Mn,

Fig. 13. Fracture of cast iron, treated with hydrogen. 0.5,

0.041°; P and 0,064°, S (analysed after the treatment), can be seen in Fig. 13
[t is very interesting that the surface of the sample, which had the most intimate
contact with hydrogen, is grey, whereas the core. which was in the least contact
with hydrogen, is white. It ix of course impossible to draw far-reaching con-
clusions from a single experiment. But it is also out of question that the gare~
exert some effect on the crystallization and it would be therefore very reason-
able to continue the investigation of the said problem.
The solution of the task set wa~ not attained.

4. A hypothesis for the explanation of the crystallization of graphite

in cast irons

4.1 The existence of some “internal surfaces™

When reviewing the literature, attention was drawn on the contradiction
between the structure of the graphite tlakes and the supposed mechanism of
their formation. The enrichment of the cry~tallites of the graphite, as in the
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case of vither the flake graphite or the spheroidal graphite, makes necessary
Ui evetenee of some surfuces, which arrange and collect the newly formed
praphite monocrystals. The purallelism of the crystallites of the flake ygraphite
vould be explained by some field of magnetic forces as well, but this supposition
i+ in our case out of question. If we suppose, however, that the arrangement
and perhaps the formation as well - of the crystallites takes place on some
delinite surfuces, the explanation is quite obvious.
There are numerous observations, which support the view that such sur-
faces really exist in the solidifying melt and the crystallization of the graphite
goes on inwards into some gas-cay ities - and this is done independently, whether

the re-ult ix fluke graphite or spheroidal graphite.

We shull note some of these obsevations,

a) On the wurfuce of hypereutectic pig iron, enpecially on the surfuce of its shrinkage
Cavities, one may find some graphite-kish. This i« in the reality, however, nothing else, than 4
heap of graphite flakes of different orientations. 1t can be Eardly imagined, that during crystal-
bzation these grsvhite flakes emerged from the iron melt. It is also very improbable, that the
graphite Hakes formed inside the melt could hasve passed through the surface of the melt, partly
hecanse of the high surface tension of the molten iron and partly because of the relatively low
arength of the graphite, (rgraphite 2 kg mm?,) One would expect at the most 1o have the
svaphite flukes heap up and cover the surfuce of the melt.

T'his phenomenon could be expluined by supposing the formation of a foan on the surface
vl the hyquid iron, made up by gas-bubbles and a thin liquid film of iron, parting them. The
svaphite could have been crystallizing on the walle of the gas-cavities of the foam, but after the
Lissure of the foum because of variation in the existing pressure it forms an entirely irregu-
Lot heap  Lhe author succeed-d to trace the graphite-kish some iron globules which were
tormedd we o result of the fissure, very often on wome definite places of the surfuce of the flakes.

b1 \ecording to the opinion of PLASKOWSKL |27}, the eutectic ~pheroidal graphite erystal-
lises ansade the primary dendrites of austenite, whereas the tlake graphite i~ arranged inter-
Honinitiealls . Werrsoskr (11 advocates wmilar opinion. The photomicrographs, which
AW\t tineser <hows in support of his views, do not, however, prove the second part of his supposi-
teore Tt 1= out of question that the spheroidal craphite was enveloped by a crust of primary
austemte, but the phnlnmirrugrnp|u are proving according to the author — the very likely
<apposition that the flake graphite was also tormed inside the primary austenite This later
View e also supported by practical eapericnees of many years. [tis well known, that the gra-
phue with the exception of a few cases more or less uniformly distributed, even in the
cases o by pocuteetic cotmpasition of the cast iron. 1t is therefore not accidental that practical
eaperts are considering as the Seutectie graphite ditribution®” not this, bat that exceptional
vase. wheree the prmary dendrites ol anstenite are casily pereeptible and the graphite ix arranged
wuly nterdendreiticalls.

The experiment proy g that trom melt< having the <ame composition i, e, having the same
caturation we may produce saterial wath ramdom or even a material with “eutectic graphite
distnbution ', gives at the same fime the corteet proot of the view, that the graphite of randon
dietribntion caunot be regarded asa cnrmal’ entectic graphite, Prwowanrssa [28] made
capennents by casting the same matenal imto permanent moulds and into sand moulds. The
Chetneal composition was the following @ ¢ a0, S 220, the aturation factor was
wia boo 11 shows the cauple, castanto —and. while Fig. 15 shows that, which was cast into the
permanent monld, Both samples were heated to o temperature above 800 C then slowly cooled
down with the furnace to 630 C The recult wa-a ferritic structure. Both materials were highly

Caphitized betore the anneal. A« it cun therefore be seen, material of the same composition
o wdie e ancragnd cooling an “eutectic graphite . and on slow coolirg praphite of random distribe
dten T mite obvious that in the latter case the graphite took place inside —— at least parthy

S prneany anstenite,

Al the graphite  or at least a portion of it - i thus built up by the
Dittieion of carbon through the solid <lution. The controlling factor of the
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growth of the crystal is, however, in such circumstances — as already shown
by Bunin [15] — the rate of formation of vacant places. The crvstallization
of graphite can take place only at those places which were cleared by the iron
atoms. The formation of vacant sites requires however the self-diffusion of
iron atoms, which is a very slow process. It can be hardly imagined, that in the
few seconds disposable during solidification, cavities of the required dimensions
could be formed [29].

But there is more probably no need for the formation of vacant sites by
wach a self-diffusion. The cavities are already present at the outset of the erystal-
lization of graphite, in the form of gas-bubblex, on the inside of the austenite

Fig. 14. Ferritic cast iron. Taken from Ref. [28]

dendrites, or better to say — as we shall see it later — on the ‘nside of special
austenitic formations, crusts. This is the reason of their random distribution.

The crystallization of the graphite thus begins on the walls of these gas-
bubbles. Under favourable conditions the cavities get entirely or almost entirely
filled up by graphite. There is time, however, usually enly for the formation
of a thin spherical shell, which ix ruined during the further crystallization and
changes its shape. In the first case there is formation of spheroidal graphite
and in the second case that of flake graphite.

There is therefore only a single fundamental condition for the formation
of graphite: the presence of gas-bubblex or cavities during crystallization.

4.2 The presence of gas bubbles in liquid iron and their dimensions

Are there really in the melt such supposed gas-bubbles?
Gray cast iron usually contains about 7—12 °, by volume of graphite.
According to the afore-said, it ir necessary to have during crystallization in
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the case of spheroidal graphite exactly the <ame quantits of caoo i the oo
ol flake graphite. however. considerably more. about 200 10 he v I

The determination of the pas-content i~ hardv eeliables Teoman i
nevertheless accepted. that gren cast dron alwavs contains -ome 0.3 00
standard cem oxvgen per grame not to speak of the other gase-. Thi- quantins
i~ a multiple of the gquantity needed,

The turther studies are confined to the sv<tem Feo €00 T ha- 1o be
remarked that the other constitutional element-. which are albaavs present

cause only a quantitative chin and do not chonee the character ol the

Iirl)!""‘.

Oxygen is present in molten iron in the torm ot FeOn (e ~olubihn
ol gascons oxygen and carbon monoxide can more probably e vectlecred
The ~olubility  of Fe®y diminishes. however. ~trongly \\'&u teduaction ot the
temperature. Solid cast iron contains practically: o dissolved 100 Do
cooling dowt there results therefore <ooner or Later o ~uper-atcaction o the
melt with respect to FeOland the Latter begins to coagulate. Thi~ wean- o

at some preferred places of the melt the reaction
el (N e - CO

looses the equilibrium it there was any and carbor moonoside becin -
to form.

The newh formed gaseous CO surround- the FeO-poacdes The Lave
cannot escape from the gas-bubble becanse for the cros-me ol vhe =il e o
the ~ame it would be necessary to have acenmulated veiv mach vrerey . | hu-

the FeO and the gas-bubbles are <lowly rising togethes i the n oo e ol e

bubbles could reach the surface of the melt and all FeO wanld be coviad i
the <lag. this would mean the complete removal of cases The adiecdy mens
tioned oxyveen determinations prove. however. thig vhe <hoot pertod who
1-|a||m-~ until the 1'uln|)|vh- ~olidification of the melt. i far b bon 2 cnonad
for the remosal of all gas-bubble-.

TR very interesting to study from this view the question of the torm..
tion of the so-called =inverse chill”. I complete remosal ot abe ca--hubble-
could be reached. the castings would erysiallize entirely white, even o <l
cooling, just becinse there are no vas-cavities, Thi~ can. however, 1 oadh
be realized under practical condition-. In the inner part ot the ca e then
i~ removal of the gases by flotation. but he onides adhering o bew el
the crucible or floating 1o the surfaee of the melt aee producine aninienag Al
new bubbles. The metal i« solidifving in thi- case on the ontade ot 1the "
with grev and on the inside of the ~ame with white fractures The aorhor v
ceeded 1o lirmlllm' in the course of his experiments casnne- with tever-e chell

at a cooling rate of abom 200 C o min (see Figo T
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If all that has been told, is correct then there exists the possibility of
computing the approximative size of the bubbles. With given ~pace of time
between the beginning and the end of the solidification, given height of the
liquid column, viscosity of the molten cast iron and specific weight of the
<ame, the radius of the bubble can be computed with the help of the Stokes-
equation.

For the given set of conditions, the radius of the bubble, o amount- to
374 and the mean length of the flakes, Iamounts to T (We made the suppo-
sition that the spherical shell flattens into a thin circular plate. Though thi-
assumption is not quite correct, in the given case it may be accepted.) The
real length of the flake graphite in the grey part of our expernmental cast iron
amounts to 1104, The accord is sufficient.

4.3 The process of ervstallization

eSS AT ASNNDS 3 ' [ Ak, it

When moderately cooled. cast iron alwavs contains ~ome gas-hubble-.
Too fast cooling may result in the FeO remaining in ~olution : in this case
there is no development of gases and the solidification result~ in a graphite-
free casting.

Supposed we have an allov of hypereutectic concentration, the <oh-
dification begins with the formation of primary austenite crvatals. These
crystallize on the surface of the gas-bubbles. Reduction of the FeO is an
endothermic reaction, and the coolest points of the hiquid are therefore on the
~urface of the bubbles.

The bubbles get an envelope of a solid ~hell of austenite. In the mas-
of this shell there is a considerable diffusion of the carbon towards the in-ide
of the sphere, from the moment of the formation of the <hell onward. Thi-

question <hall be discussed a little later. The carbon atoms man reach the

inside of the shell and the continuation of the reduction of the FeO i< thereby 1
=ecured.

Some experiments carried out make it probable that the reduction of
the FeO results in a very high pressure. and the spherical <hell burst~.

In Figs 4 and 5 were shown some particles which were thrown out of
the melt on the action of vacuum. The velocity of the ~ad particles was in
the moment of their exit at least 1 m sec. The enerygy these particles needed
for crossing the surface of the melt and getting aceelerated in o highly viseors
quui(l. could not be acquire(l by any other means than the bursting of one
or more nearby austenite shells.

The observation of noise during the ~olidification of cast iron mentioned
in Section 3.4 — also supports the existence of the bur-ting mechani=m.

The burst austenite shells and graphite particles are frozen in the melt.
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What is happening to the new gas-bubbles formed in consequence of
bursting”? Their pressure is not further increased for lack of Fe®) Lt
on the contrary is reduced with reduction of the temperature and they et
<ooner or later flattened, after having received a graphite shell, which cry--

, tallized on their ~urface.

Fig. 16, The partition line in the direction of the major axis of thf‘ ~ection of an ethpsoidal wra-
phite. Etehed by the cathodic vacuum etehing method. (Photomicrograph takoowith ol ctron
microscope.) Taken from Ref. [36]

What i~ happening to the gas inside the bubbles? It remains more prob-
ably in the center of the graphite flake and forms there a thin dischhe caviy.
Thi~ can be related with the easy ~plitting of the araphite flike-. abooady
disctesed in Section 3.6, Width of the lines which can be ~een in the ~ection
of a graphite flake is corresponding to the calentated height of the flattened

vas-cavity (see Fig, 11).

Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8



Approved For Release 2009/07/24 : CIA-RDP80T00246A002900290001-8

120 1R ARSAY

There is a partion live to be seenin the direction of the mijor axis of
the section of an ellipsoidal graphite. ~hown by H. Tsvemkrea, ToResakawn
and T. Ogvrmoro [360] (Fig. 10).

4.4 The mode of formation of spheroidal graphite

After all that has been said. the neces-ary conditions for the formation
of ~pheroidal graphite can be formulated very easily. Teis only necessary.
that the gas-bubbles formed during the colidification zet entirely filled up Iy
graphite.

Thix seemingly simple condition involves however many  problem-.

The first problem immediately arises a> we revert the condition @ if more
gas-bubbles are formed than what can be fitled up entirely with the di~po-able
graphite - which i= 7= 129, by volume we get some tlake graphite and
it there are less bubbles. ~ome cementite will be found too.

The second related problem : it i~ not indifferent ot what ~ize these
bubbles are. If the necessary amount of gases i~ di~tributed in the form of
Lirge bubbles. the graphite will not fill up these cavities  forlack of time
and besides of the flattened out spherical ~hells there will be some isolated
cementite too. The original stipulation must therefore be modified in the
following manner : the melt should contain gas in an amount of T 120 In
volume, and the gas-bubbles should be ~mell their radii ~hould not surpe--
10 100 . (The latter condition i seemingly not too rigorous. hut in redd
cases the allowable size of the bubbles i~ further limited by the cooling rate
a~ well. In the cace of slower cooling greater bubliles may be filled up o~ well)

It i~ generally accepted. and in this paper it has been diserssed too, thet
a cast iron which is suitably degassed and cooled down at a corresponding
rute. mav crvstallize with spheroidal graphite [23. 300 31]. The condition-
to be met. in order 1o attain this purpose are. however. =0 rgorons. that they
cannot be fulfilled under practical condiiions of industrial production.

The pessibilities of industrial productior of nodakar cost iron were First
secnced by the discovery of  MoRRoG1H and Woennnvs [32]0 who found tha
treatment with cerium results in cast iron with ~pheroidal graphite. Further
rescitreh detected many elements which exert a cimilar effect on the ervstal-
lization of graphite.

The common property of all the cuiteble nodulacizing materials 1-oa
thorough degassing action. A suitable wmount of these nodularizing addition-
may result in a corresponding level of the gas-content.

A further action of the nodularizing additions s that on the
variation in the <ize

~urtiece

tension of the melt. Both actions effect a corresponding
of the gas-bubbles. A reduction of the gas-content causes undoubtedly the
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reduction of the size of the gas-bubble. The increcse of the ~urface tension
causes a similar effect. In accordance with these condition MarincEx i
his coworker [11] found — as already discussed - upon a treatment with
Mg an increase of about 50 ©, of the surface tension of the melr.

The mode of formation of spheroidal graphite i~ more probably a more
complex problem than that already outlined. It i< readily conceivable. for
instance, that in this case we have to face not carbon monoxide, but ~ome
other gas. It is a very interesting observation that a fresh fracture of nodula:
cast iron develops upon the action of the moisture content of the air ~ome wa-.
It is therefore possible that following this track -- we may find out in time
much more about the mode of formation of the spheroidal graphite. In the
meanwhile, there is no reason for further reasoning because there are oo few
actual observations, objective data.

Just the same must be said about the question of the graphitization of
white cast iron. It may be supposed that the FeO which was retained in <ol -
tion, in conzequence of fast cooling, gets coagulated when heated and develop-
gases. The graphite crystallizes into these generally irregular, clustered cavitie-.
It ix worth while to mention in thiz connection that the reduction of FeO with
carbon can be accomplished only a temperatures above 725 €0 Annecaling
at temperatures lower than this. hax therefore no graphitizing action. Thi-

is in accordance with practical findings. because the Jowest po-sible temper.-

ture of tempering, corresponding to a cvele of ¢ s s abouwr 700 €0 The
supposition that in the case of spheroidal graphite not or not onh the

FeO-content is associated with the development ot gase-. i~ made probable
among others by the fact that the graphitization of a white fractured  althouch,
Mg-treated —~ cast iron can be accomplished at o temperature much lowe:
than the above mentioned, i. e. at 500 550 € [37].

It is therefore premature and not sutficiently accounted for to discu--
in detail the effect of the different alloving element<. It i<, however. ven
probable that thev alter mainly the gas-content and surface tensions of the
melt, as well as the conditions for diffusion. and hereby exert their cetior

on the crystallization of graphite.

4.5 The mechanism of crvstallization of graphite into the carvities

A further question to be dircussed is a problem which can be followes
very ditficultly by experiments. i. e. how the graphite ervstallizesinto the
gas-cavities?

After the formation of a graphite erust of linited thichnesso fuohe
growth must proceed through the ~ame. It i~ however. hardly conceivable
that the carbon penetrates this graphite laver of ever increasing thichnes

by selfdiffusion. The time available i~ ~upposedly too ~hort.
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The possibility of such a mechanism is. however, more than a mere sup-
position. The author produced several microphotographs of graphite in the
torm of spherical shells, having a microscopical wall-thickness,

The next few - already discussed observations make it alo probable,
that the graphite grows from the outside inwards.

The hypereutectic graphite flakes have generallv the form of circular
plates or the like (see Fig. 10). This cannot be accounted for by a rounding
off” effect of the surface tension. This action would prevent first of all the
formation of the flakes of large =pecifie surface.

Fig. 17, Spheroidal graphite. Etched by the cathodic vacuum etehing method. (Photomicro-
graph taken with electron microscope.) Taken from Rt {56]

The flattening out of an originally ~pherical shell into a circular plate
i~ a much more acceptable explanation. The partition line of the two hadves
can be made visible, as already discussed. The relatively easy <plitving of the
hy pereutectic flakes into two parallel plates was mentioned too.

H. Tsvemikvra and his coworhers made photomicrograph= of ~ome
regulatly shaped spheroidal graphite particles a~x well (Figo 17).0 The sectional
plane passes in this case more or less exactly through the center of the sphere.
It can be seen that the contour lines parallel to the basal plane are at the border
of the section more regular. and in the middle of the <ection almost entirely
irregular. This proves again a gromth from outside inward-.

How this ervstallization into the cavity i~ vet made possible?

On the surface of a graphite in the form of a spherical <hello extracted
from a melt treated with Mg, there i~ a pattern which is similar to that found
by H. Brexkine [33] when depositing Zine on a cooled plate. Tt is vertheless
hardly conceivable that graphite forms from the gascous phase. In the volume
oceupied by carbon monoxide there i~ carbon ina concentration which i ~everal

thousand times less than necessarv.

~
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The  possibility  of growing by self-diffusion cannot be excluded too,
This case will be discussed somewhat later. There is another possibility of the
carbon atoms entering at some preferred points the surface of the cavity and
growing laterally on to the already existing groupings. It may be cuppo-cd
too that the carbon atoms, shifting the already  ervarallized Lavers towand
the centre of the cavity, are forming new layers and the process repeats it<elf.

This question has to be decided by further experiments.

The last question to be discussed i~ that whether there i any principal
contradiction in supposing the diffusion of che carbon toward the cavities,

Thi~ diffusion cannot be controlled by concentration or tempera-
ture gradients. The only conceivable driving foree of the diffusion i a

stresscgradient. We may choose for o model in our case a thick-walled spherical
hell wniformly  compressed on the outside and the inside. The tangential
stresses set up in the outer part of the <~hell are compressive ~ires-e~ and those
in the inner part are tensile stresses [31].

The effect of stress-gradients on diffusion wa~ fundinnentally ynve-tre
gated by KONOBEIEVSKY [35]  at least qualitatively . According 1o hi- finding.
diffusion i~ alwavs directed from the comupressed volume toward the extended
one. This is exactly the condition for 1he discussed problem because by reducing
the free gas-volume the internal gas-pressure becomes greator and create
and as a result. the tensile stres~ in the inner wall groms too. That i~ the
necessary condition for the possibility of the self-difiusion of craphite.

This also gives an answer to the question as 1o why there are encounteredd
very few large cavities in the centre of the spheroidal eraplites. althouch
according 1o the afore-said  there alwarys must remain <ome <mad! canin .
Thi~ i~ the <pace for the highly compressed gase-.

The understanding ot the proces~ in question would be nearer. it there
were an answer to the problem as to the role of the <ubstance of the caee-.
The experiments carried out up to now give no reassuring answer ta thi- probe-
lem. It is nevertheless worth mentioning remembering the experiment-
di~cussed in Section 3.9 that hydrogen which is usuallv: qualificd as exerting
@ ~trong effect toward a white fracture, ~eems 10 support graphitication. The
reason for this <eeming contradiction i~ more probably the neelect ot the
removal of other gases especially of the oxygen while exannning the oftect
ot hyvdrogen. As long as there i~ oxveen in the melt the treatme 1 owith Wvdra-
gen undoubtedly diminishes the gas-content of the melt and hercby oxerts
« whitening effect.

As already mentioned. the experiments carried ont oup 1o ow. o not
allow for a definite decision of the problem. though it <eems that the <ulh e

of the gases makes no difference a~ 10 the mode of craphitization
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SR LA CRISTALLISATION D0 GRAPHITE DANS LAY FONTY
I kA=Y
vananiat e cones technigae -
ISt ME

Les expériences relatées dans cette énde ont vié effectuces en vue de meas eo i
structure du graphite et les phénomenes qui <o produisent an conrs de o solvdinnate o de a
for o o eraphon

nte, Ces expériences ont prouse, entre antres, Pexistenee dune gquatneme

(ivorce sphérique). en plus des trois formes connoes jusquiic present.
Les examens et les observations ans cones des expériences ne <ot natoretlem

Airectement utilisables 2 la solition des probliemes industricls les recherches avant non caractere

purement théorique. La valeur indu-triclie des résultats consste dans lear contnbution a une

conts plus approfondie de la cristallisation de Ta fonte,

I auicar estime que Fhypothiese communiguée dans cette étade seraommportante poar

les recherches ultériceures, Flle pourra servir utilement le programone de traval pour Forganme
1w indastre toutetons, des

wation des expériences en vae de L solution de certains probli
diftérents points de Phypothise demandent encore alétre vinfics par des expenences,

UBER DIE RRISTALLISATION DES GRAPHETS IM GUSSEISEN

T RAKR=A)Y

Aecctidat der tochimschen Wasanschatton
ZUSAMMENEASSENG

Die in der vorliegenden Arbeit geseriiderten Versuche wirden s onr Verhasaer 200 werte
ren Rlirung der Graphitstroktur und der Vergéinge withrend der Freataeone des Gonss

durchgefubrt, Als Ergebnis der Versnche ist es unter anderem gehangon, aeben den Tushes
bekannten drei Graphitformen auch eine vierte (KRuagelsehale)y nachzowersen.
Natiirlich konnen die Untersuchungen und experimentellen Beobachtungon v e

Forschungsarbeit einen ansgesprochenen theoretischen Charakter hatte tmeht anme v thar

zar Losung vyon industrielien Problemen benutzt werdene Die: Frgebnisee il aber

tiie die Industrie von Bedeutung. als sie die Konuntnisse aiber die Kristallisation dv- Gons
ecrweitern. Fir die weitere Forsehung=arbeir halt der Verfusser die e der Arbet mateetelts:
Mit dieser als Arbeitspragramm wiire o< cinerseits zwechimassiz, \eranche
anderer-

Hy pothese fiir wicht
im Hinblick aut die Losang son cinzelnen industricllen Problemen zu orgamaeren
weite warten aber anch die hy pothetischen Annahmen selber aut cine experimentelle Bestaticune,
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Les Acta Technica paraissent en russe, francais, anglais et allemand et nublient
des travaux du domaine des sciences techniques,

Les Acta Technica sont publiés sons furme de fascienles qui seront réunis en un
volume.

On est pri¢ d'envoyer les manuserits destinés a la rédaction et éerits i la machine

I'adresse suivante :

Acta Technica, Budapest 62, Postafick 440,

Toute correspondance doit étre envovee ocette méme adresse.

Le prix de Pabonnement est de 110 forints par volume.

On peut s’abonner a 'Entreprise pour 1o Commerce Extérieur de Livies et Journaux
«Kultura» (Budapest, VI, Sztilin it 21, Compte-conrant No. 43-790-057-181) ou 2 étranger
chez tous les représentants ou dépositaires,

The Acta Technica publish papees an technical subjects i Rassian, French, English
and German.
The Acta Technica appear in parts of varving size, making up one volume,

Manuseripts should be typed and addressed to :
Aeta Techniva, BB llltlll(’\” 62, l’u.\'lufiti/.‘ 110,

Coreespondence with the editors and publishers should be sent to the <ame addree-,
The rate of subseription to the Aota Teehmiea is 110 forints a volume, Orders mas
be placed with , Kultura™ Foreign Trade Company for Books and Newspapers (Badapest, VI,

Sztalin 4t 210 Account No. $3-790.057-181) or with representatives abroad.

Dies Acta Technica veroffentlichen Abhandlungen ans dem Bereiche der technie en
Wissenschaften in rassischer, franzosischer, englischer und  deatscher Sprache,

Die Acta Techinica erselicinen in Heften weehselnden Uitanges, Mehrere Hefte
bilden einen Band.

Die zur Veroffeutlichung bestimmten Manoshripte sind, mit Maschine geschrichen,

an folgende Adresse zu senden :
Acta Techniea, Budapest 62, Postafiok 110,

An die gleiche Anschoft ist auen jede fur die Sehriftleitung und dea Verlae besiimote
Korrespondenz zu richten.

Abonnementspreis pro Band 110 Forint., Bestellbar bei dem Buelis uud Zeitung \usecr.-
handels-Unternehmen » Kulturac (Budiapest. VL Szeilin at 21, Bankkonto Ne o 137000370001

oder bei seinen Auslandsvertretungen and Kommissioniiren,
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A kindéedet felel a3 Akadémiai Kiadé igazgatdja

4007256 — Akadémial Nyomda — Felelds veaetd: Pulli;—;"ﬂ-'ru-r
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